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Alkyl substituted and unsubstituted mono and bis-
arenesulfonates have been previously shown to undergo a 
retro Prins-like rearrangement in basic media. It was of 
interest to determine if this type of rearrangement extended 
to cis- and trans-5,5-dimethyl-1,J-cyclohexanediol bis-~-
toluenesulfonate,.and whether the rearrangement might be 
initiated by the Lewis base pyridine, 
The solvolyses of the cis- and trans-bistosylates 
in aqueous.-pyridine..: o.bey.e.cl..-pseudo.- f.irst~order -kinetics~. 
Typically,- rate differences-between the··-two -isomeric--bis-
tosylates solvolyzing at equal temperatures were on the 
order of 4-5 favoring the trans-bistosylate, Increasing 
the water concentration in the solvolysis medium resulted 
in a directly proportional increase in the reaction rate of 
the solvolysis, Calculation of thermodynamic parameters 
for the solvolyses of the bistosylates in 80% aqueous 
pyridine yielded the following data at 90°c, cis-
bistosylate, b.H*= 24,48 kcal/mole, b.s*= -12,J e,u,; 
trans-bistosylate, ~H*= 22.38 kcal/mole, ~s*= -14.9 e.u. 
No retro Prins rearrangement compounds were isolated 
from product studies conducted in 80% aqueous pyridine. 
Elimination and substitution products were isolated, and 
these compounds are thought to arise from a unimolecular 
mechanism. The basis for the unimolecular mechanism has 
been discussed. Aqueous pyridine may be more conducive to 
unimolecular substitution and elimination than to the retro 
Prins rearrangement. 
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INTRODUCTION 
The purpose of this study was to synthesize the 
~-toluenesulfonates of cis- and trans-5,5-dimethyl-1,J-
cyclohexanediol, investigate the kinetics of their 
solvolyses in pyridine-water, and propose mechanisms for 
the reactions that occur, 
1 
CHAPTER I 
HISTORICAL · 
With the introduction of the Tipson method [1] for the 
preparation of arenesulfonate esters, new areas were opened 
to the synthetic and physical organic chemist. One interest-
ing field is the study of the chemistry of the arenesulfonate 
esters of alicyclic 1, J-diols, ·. particularly the 11-toluene-
sulfonate esters. 
In 1950, Clar.ke and Owen [2] investigated the chemistry 
of the arenesulfonate ·esters of cis- and trans-1,J-cyclohex-
anediol as an extension of earlier work with alicyclic 1,2 
and 1,4 glycols [J,4]. In an attempt_ to prepare 1,J-epoxy-
cyclohexane (1), the mono-11-toluenesulfonate 2 underwent 
reaction with sodium methoxide in cold methanol. Instead of 
forming 1, the major product was J-cyclohexe~ol (J), the 
result of elimination. 
OH 
1 2 3 
2 
J 
cis-1,J-Cyclohexanediol bismethanesulfonate in 5% aque-
ous sodium hydroxide gave 75% 2-cyclohexenol (4) and 1,4-
_cyclohexadiene (5), both products of elimination. 
0 
4 5 
Under the same reaction conditions, trans-bismethanesulfonate 
produced 28% of 4 and small amounts of 5 and 1,J-cyclohexa-
diene ( 6). 
0 
6 
The bis-E-toluenesulfonates of cis~ and trans-1,J-cyclohexane-
diol ( 7, 8), under similar conditions,· would not react and were 
quantitatively recovered. Their lack of reactivity was 
attributed to insolubility. 
OTs OTs 
7 OTs 
In 1952, Owen and Smith [5] investigated the arene-
sulfonate esters of cis- and trans-1,J-cyclopentanediol. It 
should be noted that Owen and Smith accepted Thiele's [6] 
configurational assignment for the isomeric 1,J-cyclopentane-
diols, Thiele was later shown to be in error, having re-
versed the actual configurations of the isomers [7,8,9,10]. 
In this paper, the correct configurational assignments are 
used. 
4 
cis-1,J-Cyclopentanediol bistosylate (9) upon basic 
methanolysis gave as a major product cyclopentadiene (10) and 
what was tentatively identified as a mixture of the methoxy-
·cyclopentenes 11A and 11B. 
TsO OTs Q 
9 10 
OMe-
11A 11B 
cis-Bismesylate 12, undergoing reaction in 5% aqueous po-
tassium hydroxide, produced 10, 46% 2-cyclopentenol (1J) and 
a small quantity of the original diol 14, 
5 
MsO OMs HO OH 
12 HOO 14 
13 
Both the cis- and trans-bistosylates reacted similarly with 
potassium 11-nitrobenzoate in ethanol to produce 10 and the 
corresponding bis-11-nitrobenzoate derivatives. 
In 1957, Clayton, Henbest, and Smith [11] published the 
results of work which led to the preparation of a 1,J-epoxy-
cyclohexane derivative.' These workers reasoned that the 1,3-
epoxide was not formed from 2, as expected by Clarke and Owen 
[2], because of the ease of trans diaxial elimination of the 
elements of I1""toluenesulfonic acid from the supposed highly 
unfavorable conformation 2A to produce J. 
OTs 
OH 
2 2A 
To prevent inversion from occuring, a steroid system 
was chosen in which ring inversion was impossible. Thus, 5n-
hydroxycholestan-J~-yl mono-11-toluenesulfonate (15) under-
went .reaction with potassium tert.-butoxide in tert.-butyl 
, 
alcohol at 50°C to produce only two products: Jn,5~-epoxy-
cholestane (16) and 4,5-secocholest-J-en-one (17). 
_ __,/ 
15 OH·\ 17 
16 
Both 16 and 17 were envisioned as arising from the same 
intermediate 15A, 15A was produced by the abstraction of 
,the C5 hydroxyl proton ~y base. 
16 17 
Q_ 
15A 
6 
. 7 
16 was produced by an intramolecular nucleophilic 
attack by oxygen at CJ accompanied by the simultaneous expul-
sion of the tosylate group, 17 was formed by an intramol-
ecular nucleophilic attack by oxygen at C5 instead of CJ. 
This attack caused fission of the ring and formation of an 
olefinic bond upon·the expulsion of the tosylate group. 
15 was also allowed to react with sodium methoxide in 
methanol under reflux. In this case, elimination became 
competitive with substitution. The products formed were 16, 
17, Ja.-methoxy-cholestan-5-ol (18), and cholest-2-en-5a.-ol (19), 
MeO····· 
OH OH 
18 19 
1a.-Hydrocholestan-J~-yl mono-~-toluenesulfonate (20) 
underwent reaction with potassium tert.-butoxide in tert.-
butyl alcohol at 50°c. The only product isolated from the 
reaction was compound 21, The mechanism for the formation of 
21 from 20 may be thought of as the same one in which 17 arose 
from 15A, 
8 
TsO 
20 21 
In view of the fact that the steroid monotosylates 
reacting in sodium methoxide and methanol produced elimin-
ation/substitution products, and that in potassium tert,-but-
oxide in tert.-butyl alcohol only substitution products were 
formed; the monocyclic ring system was reinvestigated. cis-
and trans-1,3-Cyclohexanediol mono-~-bromobenzenesulfonate 
(22,23) both reacted with potassium tert.-butoxide in-tert.-
butyl alcohol at 30°c to produce 2(3-butenyl)-2,7-octadienal 
( 24) , __ .the _aldol. conde~sation .produc.t _of' 5,-,hexenal., 
22 
I 
OH 
23 
08s 
24 
No C6 pr oducts (1 , J - epoxycyclohexane , J-hexenol, 5- hexenal ) 
were detected . The ring fission may occur by the following 
route : 
s 
~ H 
22 OR 23 
followed by an aldol condensation of the non- isol able 5-hex-
enal t o produce 24 . 
In 1957 , Brutcher and Cenci [ 12] reinvestigated the 
monotosylates of the isomeric 1,J- cyclohexanediols. Their 
results displayed minor but significant differences to past 
work . The t rans- monotosylate r eacted with sodium methoxide 
in methanol at 25°C t o produce t hree products: 
24 
25 26 
9 
10 
24, J-cyclohexenol (25), and 2-cyclohexenol (26). The cis~ 
monotosylate reacted under the same conditions to produce 24, 
25, and .26. 
-oMe 
HO o_, 
OTs OTs 
1 ~ r---H -oMe 
tJ 
HO 25 + 26 24 
A similar ring fission reaction was reported in 1957 by 
Burford, Hewgill,-and Jefferies [1J], cis- and trans-J-
aminocyclohexanol (27A, 27B) upon deamination with nitrous 
acid produced 5-hexenal in J0-40% yield. The deamination 
was thought to occur by the following mechanism: 
27A 278 
Similar results were observed with cis- and trans-1,J-di-
aminocyclohexane. 
11 
In 1962, Payne [14] reported observing a similar ring 
fission reaction during attempts to prepare the monotosylates 
of cis- and trans-2,2,5,5-tetramethyl-1,J-cyclohexanediol, 
Thus, the cis-diol·reacted with one molar equivalent of ~-tol-
uenesulfonyl chloride in pyridine at 50°C to produce J,J,6-
trimethyl-5-heptenal (28), The trans~diol produced 28 under 
similar conditions, The rearrangement was thought to occur 
through the intermediate monotosylates, 
28 
followed by an attack of the hydroxyl proton by pyridine. 
Simultaneously, the electron pair forming the hydrogen to 
oxygen bond executes a nucleophilic attack on C1. This 
causes ring fission and formation of an olefinic bond on 
the expulsion of the tosylate group. 
12 
In further studies,- the cis-bistosylate and cis-bis -
mesylate also produced 28 upon basic methanolysis, This re-
action was thought to proceed by an initial substitution of 
an arenesulfonate group to produce the monoarenesulfonate, 
The rearrangement then occured in the manner mentioned above. 
The trans-bistosylate did not produce 28 upon basic 
methanolysts, Instead, two other products were formed, 4-
methoxy-J,J,6,6-tetramethylcyclohexene (29), a result of elim-
ination and substitution, and J,J-dimethyl-5-isopropylidene-
cyclopentene {JO), identified, as such, in.later work by 
Chaung [15], The trans-bismesylate produced 29 under sim-
ilar conditions, 
OMe 
29 30 
In 1963, Wilcox and Nealy [16] examined the solvolyses 
of the monotosylates of cis- and trans-2,2,4,4-tetramethyl-
1,J-cyclobutanediol in acetone-water. In both cases, 2,2,4-
trimethyl-J-pentenal {J1) was among the products isolated from 
the sol volysis, 
13 
31 
A cyclopropylcarbinyl intermediate was invoked to 
account for 31 and other products. Wilcox and Nealy proposed 
that 31 may arise from the cis- and trans-monotosylates in 
the following manner: 
TsOr+ 
~OH 
31 
In 1966, Gaoni and Wenkert [17] reported that the mono-
tosylates of cis- and trans-2,2,5,5-tetramethyl-1,J-cyclo-
hexanediol reacted with sodium methylsulfinyl methide within 
JO minutes at room temperature to produce 28, Similar results 
were obtained using mixtures of the cis- and trans-monotosyl-
ates with potassium tert.-butoxide/tert.-butyl alcohol in• 
benzene for 5 minutes at 70°c. 
Recently, Agosta and Schreiber [18] have reported the 
elucidation of the photolytic mechanism·for the production of 
5-hexenal derivatives from substituted cyclohexanones, The 
photolysis of 4-methylcyclohexanone in methanol produced 4-
methyl-5-hexenal (32) and methyl 4-methylhexanoate (33), 
32 33 
14 
An initial n-cleavage creates the biradical 34. The biradical 
then abstracts from the molecule a proton that was bound to a 
carbon originally~ to the carbonyl group to finally produce 
32, 
3L. 
Deuterium analysis of the products from the photolysis 
of the corresponding ketone, deuterated at C4 and C5, showed 
that there was free rotation about the C4-C5 bond. This free 
rotation gave rise to intermediates 35 and 36, In the final 
product, 32, two~thirds of the aldehydic protons came from 
axial positions and one-third from equatorial positions. This 
is logical since 35 would be favored sterically over 36. 
CH • Hax 
2 
35 
CH • 2 
H Heq ax 
36 
15 
As stated previously (p, 11), the attempted monotosyl-
ation of cis- and trans-2,2,5,5-tetramethyl-1,J-cyclohexane-
diol did not produce the expected monotosylates, but yielded 
a product of rearrangement, While this type of rearrangement 
is not unique in the chemical literature, it, .is i:r:iteresting 
to note that similar rearrangements have been initiated by 
strong base (i.e. sodium .methoxide and potassium tert.-bu-. 
toxide), In this case, however, rearrangement was initiated 
by a rather weak base (pyridine) in comparison to the sodium 
and potassium alkoxides. It was of interest to more fully 
investigate this type of rearrangement, involving pyridine, 
in similar alicyclic 1,J-diols, The theoretical aspects of 
this rearrangement are discussed in Chapter II, 
CHAPTER II 
THEORETICAL 
The rearrangement that occured during the attempted 
monotosylation of cis- and trans-2,2,5,5-tetramethyl-1,3-
cyclohexanediol may be considered as having the character 
of a reverse Prins reaction and may best be described as 
being retro Prins-like in nature, 
Classically speaking, the Prins reaction involves the 
addition of an olefin to formaldehyde in the presence of an 
acid catalyst [19], The mechanism is of the electrophilic 
type; the first step of which involves the protonation of 
formal'dehyde to produce carbonium ion 37, 
~ + H-C-H CH=CHR I 2 
o,H 
37 38 
37 may then attack an appropriate olefin, represented by 38, 
to produce carbonium ion 39, 
16 
17 
CH=CHR 
40 41 
Reaction of carbonium ion 39 may be considered the 
first step of either unimolecular elimination (E1) or unimol-. 
ecular nucleophilic substitution (Sn1), Since the reaction 
is carried out in an aqueous acidic medium, 39 may undergo 
the loss of a proton to produce the a-hydroxy olefin 40 or 
may -add-one -molecule·-of- water--to yi-eld-th-e.-1,-J-diol--4.1. 
The Prins reaction has been extended beyond the stand-
ard reagents of formaldehyde and an olefin [20]. This exten-
. sion includes higher aldehydes and a1s·o ketones. Internal 
Prins reactions are also included in the extension. This 
' 
type of reaction is possible if the two necessary functional 
groups, aldehyde and olefin, are present within the same mol-
ecule. Thus, ci tronellal ( 42) un_dergoes an internal Prins 
reaction, in the presence of acetic acid and acetic anhydride, 
resulting in cyclization by the following route[21]1 
HOAc 
H--c.___O -Ac 0 
~ 2 
42 
n 
/
C=O-Ac 
H ~ 
18 
OAc 
By theoretical extension, it should be possible to cause 
a compound such as 5-hexenal, that contains both functional 
group requirements, to undergo an internal Prins reaction in ' 
the following manner: 
19 
Of major importance to this work ·is the retro Prins re-
action. This reaction would entail the reverse of the previous-
ly mentioned situation. The initial reactant would be a Prins 
product: a 1,3-diol, an nor ~-hydroxy olefin, or a suitable 
derivative of these compounds. Under the appropriate exper-
imental conditions, a Prins product may undergo rearrangement, 
by some mechanistic-pathway, to produce in a strict sense 
formaldehyde and an olefin. In a general sense, the products 
would be an aldehyde or ketone and an olefin. Of course, the 
final result would depend upon the initial Prins products 
employed. 
An example of the reverse Prins reaction would be the 
pyrolysis of ~-hydroxy olefins [22] since these compounds may 
be considered the products of a Prins reaction. ~-Hydroxy 
olefins pyrolyze to produce other olefins and aldehydes and 
ketones. The·products may be considered Prins reactants [20]. 
The pyrolysis is cyclic in nature· and most likely occurs in · 
the following manner: 
'-/ I /4c I //c_ 
'- C / "-C ~ "'-c --c 
II ·1' I + II 
~) (o ,,,,c, 0 H1/ 
20 
Another example of a retro Prins type reaction involves 
monotosylate 4J, a derivative of a 1,J-diol, 4J undergoes a 
ring cleavage reaction in tetrahydrofuran which is initiated 
by the strong base sodium hydride [2J]. The ring.cleavage 
reaction produces trans,cis-6-ethyl-10-methyldodeca-5,9-dien-
2-one (44). This compound may be looked upon as a Prins re-
actant. 
OTs 
43 44 
The retro Prins type rearrangement that occured during 
the attempted monotosylation of cis- and trans-2,2,5,5-tetra-
methyl-1,J-cyclohexanediol was apparently initiated by the 
weak base pyridine, Since other similar rearrangements have 
been initiated by strong bases, a further investigation was 
felt to be in order, It was of interest to determine if this 
rearrangement would occur under the same weakly basic con-
ditions employing the tosylate derivatives of other alicyclic 
1,J-diols, With this in mind, cis- and trans-5,5-dimethyl-
1,J-cyclohexanediol (45,46) were chosen as a starting point. 
21 
J,J-Dimethyl-5-hexenal (47) would be the-expected pro-
duct if the monotosylates of 45 and 46 undergo a retro Prins 
rearrangement in pyridine, The rearrangement would most like-
ly be initiated with the abstraction of a hydroxyl proton by 
pyridine and would terminate with the expulsion of a tosylate · 
group. The .rearrangement may be expected to occur in the 
following manner: 
45 
OH 
46 
,t""":PYR 
"H 
n) ~:PYR 
v,,;,H -
( 
0 
47 
The bistosylates of 45 and 46 would not be expected to 
undergo the same type of rearrangement in a pyridine medium. 
If the reaction solvent were modified, by the addition of 
water, there exists the distinct possibility that the bis-
tosylates could undergo an initial nucleophilic substitution 
to produce the monotosylates, If this were the case, the re-
arrangement may proceed as described previously to yield 47, 
22 
Sn 
47 
OTs 
OTs 
Mechanistically, the initial substitution described 
above could be either unimolecular or bimolecular in nature. 
A unimolecular nucleophilic substitution'(Sn1) mechanism 
would be feasible with either the cis-bistosylate or the trans-
bistosylate. In the case of bimolecular nucleophilic subs-
titution (Sn2), the tosylate group involved must be in an 
axial position to.be liable to back side attack, The trans-
bistosylate molecule fulfills this requirement since one 
tosylate group occupies an axial position, The cis-bistosyl-
ate molecule would not meet this requirement since both tosyl-
ate groups occupy equatorial positions. For bimolecular nuc-
leophilic substitution to occur, ring inversion must take 
place. Inversion would place both tosylate groups in axial 
positions. This conformation would be highly unfavorable 
and would not be expected to occur readily, 
2J 
The cis- and trans-monotosyiates could also rearrange 
in pyridine to produce a cyclobutane derivative. 0 This re-
arrangement, as in the case of the retro Prins rearrangement, 
could be initiated by the abstraction of a hydroxyl proton 
by pyridine. Ring fission may occur followed by the formation 
of a four-member ring. Thus, the monotosylate could collapse 
to produce J,J-dimethylcyclobutylethanal (48) by the follow-
ing route: 
48 
II 
0 
H 
Similar rearrangement results may be expected of the 
bistosylates in pyridine-water medium, if an initial subs-
titution produces the monotosylates. Rearrangement may. then 
proceed as described above to produce 48. 
24 
Among the non-rearrangement reactiqn possibilities are 
unimolecular and bimolecular eliminations and substitutions 
of the monotosylates in pyridine, Several of these possibilities 
will now be discussed. 
A unimolecular elimination (E1) pathway would be exact-
ly the same for the cis- or the trans-monotosylates, In the 
first step of the Ei mechanism, either monotosylate would 
ionize to produce carbonium ion 49 as an intermediate, 49 
may then lose a~ proton to pyridine. This loss could yield 
two possible products: 
+ 
49 
HO HO 
50, 51 
The cis- and trans-monotosylates may also undergo bi-
molecular elimination (E2) in pyridine, In either case, the 
E2 mechanism would --require the bulky to syla'l;e- group -to -occupy 
an axial position. This would satisfy the requirements of a 
~ 
\i ~ 
25 
planar four~center transition state. To satisfy this require-
ment in both cases, ring inversion must take place to produce 
conformations 52 and 53, 
OTs 
OTs · 
52 OTs 
OTs 
OH 53 
52 and 53 may then be attacked by pyridine at either of two 
adjacent axial protons, Hand H_', to produce 50 and 51, 
~ HO 
50 
OTs ~ 
52 OR 53 
HO ,& 
51 
26 
The trans-bistosylate may also undergo bimolecular elim-
ination, One of the tosylate groups is already in an axial 
position, therefore elimination may proceed in the following 
manner: 
TuO 
54 
OTs 
TsO 
55 
54 may undergo ring inversion about the double bond which 
would place the remaining tosylate group in a pseudo-axial 
position. 
54 OTs 
Bimolecular elimination may then proceed to produce two poss-
ible'products depending upon which pseudo-axial proton was 
attacked by pyridine: 3,J-dimethyl-1,4-cyclohexadiene (56) 
27 
and 5,5-dimethyl-1,J-cyclohexadiene (57): 
56 57 
If 55 undergoes ring inversion and bimolecular elimination, 
the only product formed would be 57 since there would be only 
one pseudo-axial proton to fulfill the requirements of a 
planar four-center transition state, A planar four-center 
transition state would not be required for 57 to arise from 
55 in the following manner: 
57 
In a pyridine-water medium, 54 and 55 may also undergo bi-
molecular substitution to produce the olefinic alcohols 50 and 
51, 
The cis-bistosylate may also be expected to undergo bi-
molecular elimination and substitution reactions, analogous 
to the trans-bistosylate in a pyridine-water or pyridine 
28 
medium. For bimolecular reactions to take place, ring in-
version __ must occur causing bo_th tosylat.e groups to occupy ax-
ial positions (58), 
OTs 
58 
Once this is achieved, 58 may by similar mechanistic pathways 
give rise to the same products as the trans-bistosylate: 50, 
51, 54, 55, 56, and 57, 
If the cis- and trans-bistosylates give rise to the 
same products upon solvolysis in a pyridine-water medium, a 
more sterically favorable mechanistic route would be unimol-
ecular substitution (Sn1) and unimolecular elimination (E1), 
Considering the cis-bistosylate, a unimolecular route would 
eliminate the necessity of ring inversion, placing the two 
tosylate groups in axial positions as required for bimol-
ecular elimination and substitution. 
The first step of either unimolecular mechanism would 
be the formation of carbonium ion 59, 
OTs 
+ 
59 
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59 may then .undergo· substitution to.· form the monotosylates 
which may rearrange by the previously described routes to pro-
duce 47 and 48. The monotosylate_s may also undergo a success-
. ive unimolecular substitution to regenerate the original diols 
45 and 46. In addition, the intermediate monotosylates may 
undergo unimolecular elimination to form 50 and 51, These 
compounds may then suffer a successive elimination to produce 
dienes 56 and 57, 
One further interesting possibility for the reaction of 
the trans-bistosylate in pyridine would be an intramolecular 
substitution to yield the 1,J-epoxide 60. 
60 
-This in tram0-l-ecul-ar---su b s:t;.i-.tution-- coul-d---0nly- occur-When- -the 
hydroxyl group was in an axial position in close proximity 
to the tosylate group. After abstraction of the hydroxyl 
proton by pyridine, the free electron pair may attack the 
equatorial tosylate group from the back side. With the expul-
sion of the tosylate group, the 1,J-epoxide 60 would be form-
ed. Epoxide formation of this type would not be possible 
with the cis-monotosylate. 
The preparation of the tosylate est.ers of the 5, 5-di-
• 
JO 
methyl-1,J-cyclohexanediols and their solvolyses in a pyridine-
water medium are discussed in Chapter III, 
CHAPTER III 
EXPERIMENTAL 
Preparation of Raney Nickel Catalyst, T-1 [24] 
A solution of 600 ml of 10% aqueous sodium hydroxide 
was placed in a one liter four-necked flask equipped with a 
condenser, mechanical stirrer, and thermometer, The con-
denser was equipped with an outlet tube leading to the back 
of a hood to· prevent the ignition of the evolved hydrogen by 
the mechanical stirrer, The basic solution was heated to a 
temperature of 90-95°C and 40g of Raney Catalyst Alloy (J, T, 
Baker) was slowly added over the period of one hour. The 
temperature was maintained at 90-95°C and the mixture was· 
stirred for an additional hour. The stirring was interrupted, 
the catalyst allowed to settle and the solution decanted, 
The residue was then suspended in water and transferred 
to a one liter beaker, The catalyst was washed with five 
200 ml·portions of distilled water, suspended in ethanol and 
transferred to a 250 ml glass-stoppered reagent bottle. After 
transfer, the catalyst was further washed with five 50 ml 
portions of ethanol, The nickel catalyst was then stored 
under ethanol in a refrigerator, 
Synthesis of trans-5,5-Dimethyl-1 1 3-cyclohexanediol [25,26] 
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J2 
Several preparations- of this material were carried out, 
however, only two will be described. All hydrogenations [24] 
were carried out in a low pressure reaction apparatus (Parr 
Instrument Company) at room temperature and J0-60psi. 5,5-
Dimethyl-1,J-cyclohexanedione (42g, O,J mole),(Eastman Organic 
Chemicals) was dissolved in JOO-ml of absolute ethanol and 
placed in a 500 ml reaction bottle. To this solution was 
added 8g of Raney catalyst slurry and 10 ml of 10% aqueous 
sodium hydroxide, The reaction bottle was placed in the 
hydrogenator, hydrogen (Burdett Oxygen Company) was admitted 
and shaking started, The reaction was allowed to proceed for 
six days until the uptake of hydrogen ceased, 
The reduced mixture was carefully filtered from the 
catalyst and neutralized to pH 7 with 10% hydrochloric acid. 
The solution was.filtered from precipitated sodium chloride 
and evaporated at aspirator pressure to a viscous oil, The 
oil was dissolved in 200 ml of distilled water and placed in 
a refrigerator overnight. The crystalline diol was filtered 
giving 22.2g, m.p. 102-104°C. The parent solution, upon two 
further concentrations and coolings, gave an additional 5,2g 
of trans-diol, A total of 27,4g (0,19 mole, 6J.4%) of crude 
trans-diol was obtained. After three recrystallizations from 
benzene-acetone, the melting point was constant, m,p.· 105-
1060C. 
Infrared Analysis (IR-1)1-- The broad polymeric -0-H absorp-
tion frequency appears at J290 cm-1 • CH3-c absorbs at 1455 
cm-1 and (CH3 )2-c at 1365 cm-
1 and 1390 cm-1 . C-0 absorbs 
33 
at 1050 cm-1 [27]. 
2 Nuclear Magnetic Resonance Analysis (NMR-1) -- Solvent: pyr~ 
idine. 61,15 (sharp singlet,6H,methyl), 61,55-1,75 (doub-
let,4H,methylene), 61,95-2,25 (triplet,2H,methylene), 64,35-
4,75 (multiplet,2H,methine), 65,78 (singlet,2H,hydroxyl) [28]. 
In an earlier preparation of the trans-diol, hydrogen-
ation was carried out in the manner previously described. 
After filtration from the nickel catalyst, the basic reaction 
mixture was steam distilled-to re111ove a possible by-product 
J,J-dimethylcyclohexanol, During the steam distillation, a 
small amount of an unidentified white crystalline material 
precipitated, m. p. 2:50-251, 5°C. 
Analysis3-- Found: C 71.92%; H 8,83% 
72,07%; 8,89% 
Infrared Analysis (IR-2)-- Possible carbonyl absorption appears 
at 1648 cm-1 and possible C=C at 1608 cm-1 • There is no -O-H · 
absorption present. 
Nuclear Magnetic Resonance Analysis (NMR-2)-- Solvent: deutero 
chloroform. 61,18 (singlet), 61.65 (s~nglet), 02.25 (doublet, 
possibly two singlets). 
Mass Spectral Analysis4-- Low voltage scan indicates parent 
peak M/e=287, 
Synthesis of cis-5,5-Dimethyl-1,3-cyclohexanediol [29,30] 
Since several preparations of this material were carried 
out, only a representative procedure will be described. 5,5-
Dimethyl-1,J-cyclohexanedione (14g, 0.1 mole),(Eastman Organ-
ic Chemicals) was dissolved in 400 ml of absolute ethanol. 
J4 
The solution was placed in a one· liter.five-necked flask 
equipped with a mechanical stirrer, nitrogen inlet tube, and 
·a condenser. The condenser was equipped with an outlet tube 
leading to the back of a hood for removal of .excess hydrogen. 
The system was flushed with dry nitrogen (Burdett Oxygen 
Company) throughout the entire reaction period. The 
solution was cooled slightly in an ice bath and chips of.so-
dium (JOg, 1.J ·mole),(J, T. Baker, purified) were added over 
· a period of six hours. The ice bath was removed and the vis-
cous yellow solution was heated slightly with an infrared 
lamp to digest the remaining small pieces of sodium. The 
viscous solution was then carefully poured into a one liter 
beaker. The flask was rinsed with 100 ml of ethanol which 
was added to the contents of the beaker. The solution was 
stirred and carefully neutralized with concentrated hydro-
chloric acid to pH 7. The neutralized solution was filtered 
from precipitated sodium chloride and evaporated in a rotary 
evaporator at aspirator pressure to a volume of 200 ml. The 
ethanolic solution was then extracted twice with 200 ml por-
tions of ethyl ether. The ether extract was dried over 
anhydrous sodium sulfate (Fisher Certified Reagent) and 
evaporated to dryness. 
The residue was dissolved in acetone, filtered from 
precipitated sodium chloride, concentrated and cooled in an 
ice bath. The white crystalline solid was filtered yielding 
7.4g (0.051 mole, 51 ■ 3%) of crude cis-diol. After two re-
crystallizations from benzene-acetone, the melting point was 
constant, m.p. 145-146°C. 
Infrared Analysis (IR-3)--
appears at 3215 cm-1 . CH3-c 
at 1365 cm-1 and 1388 cm-1 . 
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Broad polymeric -0-H absorption 
absorbs at 1460 cm-1 and (CH3 ) 2c 
C-0 absorbs at 1075 cm-1 [27], 
Nuclear Magnetic Resonance Analysis (NMR-3)-- Solvent: pyr-
idine. 60,85-1,0 (doublet,6H,methyl), 61,15-2,1 (complex 
multiplet,4H,methylene), 62,25-3,0 (multiplet, 2H,methylene), 
63,8-4',4 (:multiplet,2H,methine), 65,95 (singlet,2H,hydroxyl) 
[28]'. 
Synthesis of trans-5,5-Dimethyl-1 1 3-cyclohexanediol Bis-p-
toluenesulfonate 
trans-5,5-Dimethyl-1,3-cyclohexanediol (5g, 0.034 mole) 
was dissolved in 100 ml of pyridine (Aldrich Chemical Company) 
which had been dried by refluxing and distillation from barium 
oxide (Matheson, Coleman, and Bell) [31], The solution was 
placed tn a 250 ml glass-stoppered flask. ~-Toluenesulfonyl 
chloride (12,9g, 0.068 mole),(Matheson, Coleman, and Bell), 
which had been recrystallized by Pelletier's method [32], was 
added to the solution of the trans-diol with agitation.- The 
reaction solution was allowed to stand at room temperature, 
with occasional agitation, for 24 days. 
The mixture was poured into 200 ml of ice cold water 
with stirring. The oily bistosylate solidified within a few 
minutes and was filtered. The filtered solid was then dis-
solved in 200 ml of chloroform, The solution was washed with 
100 ml of water, twice with 200 ml of cold 6N sulfuric acid, 
again with 100 ml of water and dried over anhydrous sodium 
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sulfate (Fisher Certified Reagent). The chloroform solution 
was then evaporated to dryness at aspirator pressure yielding 
10g of white solid bistosylate (0,022 mole, 64,7%), m.p. 124-
126,50C. After one recrystallization from ethyl ether, the 
melting point was 124,5-126,5°C. The trans-bistosylate was 
used for preparative solvolysis without further purification. 
An analytical s~mple, after five recrystallizations from ethyl 
ether, exhibited a melting point of 127-128°C. 
Anal;y:§iS --
Calculated for c22H28s2o6: C 58,.38%; H 6,25%; s 14.17% 
Found: C 58,41%; H 6,29%; s 14,.35% 
58,.37%; 6,.36%; 14.25% 
Infrared Analysis JIR-4)-- The asymmetric stretch of the sul-
fonate group appears at 1.355 cm-1 , with the symmetric stretch 
at 1175 cm-l [.3.3,.34]. CH3c absorbs at 1460 cm-
1 and CH3-.0' 
appears at 2920 cm-1 with the 2870 cm-l band as a shoulder [.35], 
Nuclear Magnetic Resonance Analysis (NMR-4)-- Solvent: deuter-
ated chloroform. oO. 7-1. O (.singlet, 6H, methyl), cl, J-1. 55 ( doub-
let, 4H,methylene),_01.16-1.85 (triplet,2H,methylene), 02 . .3-
2.5 (singlet,6H,tosyl methyl), 04.45-5,0 (quintet,2H,methine), 
67. 15-7. 85 (AB quartet, 8H, aryl). 
Thin Layer Chromatographic Analysis5-- Eluent: chloroform 
(room temperature). trans-5,5-Dimethyl-1,J-cyclohexanediol 
bis-B-toluenesulfonate-- Rf ,5.3, For comparison purposes: 
trans-dial-~ Rf ,1.37 and B-toluenesulfonyl chloride-- Rf .72. 
Synthesis of cis-5,5-Dimethyl-1,3-cyclohexanediol Bis-p-
toluenesulfonate 
cis-5,5-Dimethyl-1,J-cyclohexanediol (10g, 0.069 mole) 
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was dissolved in 150 ml of pyridine (Aldrich Chemical Com-
pany) which had been dried as previously described, The sol-
ution was placed in a 500 ml glass-stoppered flask and cooled 
to 0°C in an ice-salt bath, E-Toluenesulfonyl chloride (27,4, 
0,143 mole,10% excess),(Matheson, Coleman, and Bell), which 
had been recrystallized as previously described, was added to 
the cooled solution of cis-diol with agitation. The reaction 
solution was allo·wed to stand at room temperature for 11 days. 
The mixture· was poured,• -with-· stirring, into· 390 ml of 
ice cold water. The oily bistosylate solidified within a few 
minutes, was filtered, and dissolved in 250 ml of chloroform. 
The solution was then washed with 100 ml of water, four times 
with 100 ml portions of cold 6N sulfuric acid, twice with 100 
ml of 10% aqueous sodium bicarbonate, again with 100 ml of 
water and dried over anhydrous sodium sulfate (Fisher Cert-
ified Reagent). The chloroform solution was evaporated to 
dryness yielding 28,1g of white solid (0,062 mole, 90,5%), 
m,p. 108-110°C, After two recrystallizations from anhydrous 
ethyl-·ether,-the melting- point·· was -constant·, ·m; p, -111, 5:.. 
112,5°C, Three further recrystallizations were made for an 
analytical sample. 
Analysis --
Calculated for c22H28s2o6: C 58.38%; H 6,25%; s 14.17% 
Found: C 58,29%; H 6,39%; s 14, 32% 
58,18%; 6,29%; 14. 22% 
Infrared Analysis (IR-5)-- The asymmetric stretch of the 
sulfonate group appears at 1355 cm~1 with the symmetric stretch 
at 1175 cm-l [33,34]. CH3c absorbs at 1460 cm-land CH3-~ 
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appears at 2920 cm-1 and 2870 cm-1 . 
Nuclear Magnetic Resonance Analysis (NMR-5)-- Solvent: deuter-
ated chloroform. 60,7-1,0 (doublet,6H,methyl), 61.1-1.85 
(multiplet,4H,methylene), 62,1-2.85 (singlet,broad base,8H, 
tosyl methyl and methylene), 04.2~4.9 (multiplet,2H,methine), 
67,1-7,9 (AB quartet,8H,aryl), 
Thin Layer Chromatographic Analysis-- Eluent: chloroform 
(room temperature). cis-5,5-Dimethyl-1,J-cyclohexanediol 
bis-~-toluenesulfonate-- Rf ,65, as compared with Rf .087 for 
cis-diol, 
Attempted Synthesis of cis- and trans-5,5-Dimethyl-1,3-cyclo-
hexanediol Mono-p-toluenesulfonate 
cis-5,5-Dimethyl-1,J-cyclohexanediol (10g, 0.069 mole) 
was dissolved in 200 ml of pyridine (Aldrich Chemical Com-
pany) contained in a 500 ml glass-stoppered flask. _The sol-
ution was cooled to 4°C in an ice bath and ~-toluenesulfonyl 
chloride (1J,14g, 0.069 mole) was added with agitation. The 
flask was stoppered and placed in a refrigerator overnight. 
It was then removed from the refrigerator and allowed to 
stand at room temperature for 12 days. 
The reaction mixture was poured into 500 ml of ice cold 
distilled water with vigorous.stirring. Within a few minutes, 
a semi-solid residue formed which was filtered, washed with 
a few millili ters .. of cold .. 10% hydrochloric acid, a few milli-
liters of cold distilled water and dissolved in chloroform. 
The filtrate was extracted with an equal volume of chloro-
form. Both chloroform extracts were combined and evaporated 
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at aspirator pressure to a volume of 500 ml, The solution 
was then washed twice with 200 ml portions of water, four 
times with 400 ml portions of cold 6N sulfuric acid, twice 
with 200 ml portions of 10% aqueous sodium bicarbonate, once 
with 200 ml of water and dried over anhydrous sodium-sulfate 
( Fisher Certified R_eagent) . Evaporation of the sol vent left 
16.1g of a viscous yellow oil, All attempts to isolate a 
crystalline monotosylate product from the viscous oil proved 
fruitless. Small·· amounts of the ·corresponding bh;tosylate, 
identified as such by melting point and infrared analysis, 
were recovered. The same results were experienced during 
attempts to prepare the trans-monotosylate. 
Kinetic Measurements 
The solvents employed in all rate determinations were 
pyridine, purified as previously described (p. 35) and "con-
ductivity" water (distilled from alkaline potassium perman-
ganate). Rates were determined conductometrically employing 
a simple glass conductivity cell having platinum black elect-
rodes and a cell constant of approximately· r. 0 .- The conduct-' 
ance of each solvolysis solution was measured using an Indust-
rial Instruments Model "RC 16B2 conductivity bridge operated 
at maximum sensitivity. 
Each rate determination solvolysis solution was pre-
pared by placing 0,0736g (1,628 X 10-4 mole) of tosylate ester 
in a 50 ml volumetric flask, The ester was then dissolved in 
a few milliliters of pyridine and the appropriate amount of 
"conductivity" water was added using a Gilmont micrometer 
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syringe (delivering 0,9869g of water per milliliter at room 
temperature). The volumetric flask was then filled to the 
line with pyridine and the solution thoroughly mixed, Thirty-
seven milliliters of the solvolysis solution were carefully 
introduced into the conductivity cell, ·The cell was then 
immersed as far as possible in a circulating constant temper-
ature_ oil bath, The temperature of the oil bath was controlled 
to ±0,1°C by means of a Precision Scientific sealed differ-
ential mercur-ia.1- thermoregul-ator,--- After immersion,. :the cell. 
and its contents were allowed to reach thermal equilibrium 
for approximately one hour. After that time, conductance 
readings were taken at various intervals. Each rate determin-
ation reaction was followed for approximately three half-lives. 
Final or "infinity" conductance readings were obtained at that 
point in time when the change in the solution conductance be-
came negligible, 
Kinetic and Thermodynamic Calculation Methods 
First-order rate data were.handled in a conventional 
manner_:b-y t-he appl-ieat-i-on--of- i;he ---i'elair.iori-ship [J6 ], 
log (A)= -kt + log (A) 0 2,303 
( 1) 
where (A) represents the concentration of the examined tosyl-
ate ester. The raw conductivity readings were modified to 
yield a value that was related to the concentration of A at 
any time during the reaction. Therefore, for the purposes of 
this work, the concentration of A is represented by A00 - A, 
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where A is the conductance reading of the reaction solution 
at a particular point in time and A
00 
is the "final" conduct-
ance, Equation 1 may then be written, 
( 2) 
where (A
00 
- A) 0 represents the initial concentration of A at 
reaction time zero,. From equation 2, it may be seen that the 
slope of the line formed by plotting log (A
00 
- A) versus time 
t should be equal to -k and that from the slope, the value 
2.JOJ 
of the rate constant, k, may be calculated, First-order kin-
etic plots for the solvolyses of cis- and trans-5,5-dimethyl-
1,J-cyclohexanediol bis-~-toluenesulfonate in various pyridine-
water mixtures and several temperatures are displayed in Fig-
ures 1 through 11, Slopes were calculated from a least 
squares analysis of plot points using a Wang Model ?OOA com-
puter and the Wang·700 Series Program (Wang Laboratories, 
Incorporated). 
The Arrhenius energies of activation, EA' were obtained 
by application of the following relationship [37]: 
log k = -EA (J) 
2,JOJRT 
The slope of the line formed when log k was plotted versus 
the reciprocal temperature was determine_d by least squares 
analysis as previously described, Figures 12 and 13 are the 
Arrhenius plotp for the cis-__ @d trans-1::1J..stosylat_es. 
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Figure 1, First-Order kinetic plot for the solvolysis·of cis-bistosylate 
in 90% pyridine-water at 90°C, k = 1,13 x 10-5 sec-1 , 
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Figure 2. First-Order kinetic plot for the solvolysis of cis-bistosylate 
in 85% pyridine-water at 90°C_, k = 2,09 x 10-5 sec-1 . 
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Figure 3, First-Order kinetic 
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Figure 4. First-Order kinetic plot for the solvolysis of cis-bistosylate 
in 80% pyridine-water at 80°.C, k = 1, 09 x 10-5 sec -l, 
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Figure 5, First-Order kinetic plot for the solvolysis of cis-bistosylate 
in 80% pyridine-water at 70°c, k = 0,353 x 10-5 sec-1 , 
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Figure 7, First-Order kinetic plot for the solvolysis of trans-bistosylate 
in 90% pyridine-water at 90°C, k = 5,68 x 10-5 sec-1 , 
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Figure 8, First-Order kinetic plot for the solvolysis of trans-bistosylate 
in 85% pyridine-water at 90°C, k = 8,59 x 10-5 sec-1 . 
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Figure 9, First-Order kinetic plot for the solvolysis of trans-bistosylate 
4 -5 -1 in 80% pyridine-water at 90°c, k = 13, 1 x 10 sec , 
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Figure 10, First-Order kinetic plot for the solvolysis of trans-bistosylate 
in 80% pyridine-water at 80°C, k = 5,25 x 10-5 sec-1 , 
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Figure 11, First-Order kinetic plot for the solvolysis of trans-bistosylate 
in 80% pyridine-water at 70°c, k = 2.07 x 10-5 sec-r. 
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Figure 12, Arrhenius plot of the kinetic data obtained from 
the solvolysis of the cis-bistosylate in 80% pyridine-water 
at several temperatures,·EA = 25,207 cal mole-1 . 
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Figure 1.3, Arrhenius plot of the kinetic data obtained from 
the solvolysis of the trans-bistosylate in BO% pyridine-water 
at several temperatures, EA= 2.3,109 cal mole-1 • 
D.H* was calculated from the relationship [J8], 
E - RT 
.A 
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(4) 
where EA is the Arrhenius activation energy; R is the gas con-
stant, 1,987 calories/ mole-degree; and Tis the temperature 
in degrees Kelvin. 
The Gibbs.free energy of activation, D.G*, was calcu-
lated using equation 5 [J9], 
D.G* = -log kh (2,JOJ RT) 
~T 
where k is the observed rate constant; KB is the Boltzmann 
-16 -1 constant, 1,J8054'X 10 erg-degree ; his Planck's con-
(5) 
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stant, 6.6256 X 10- erg-second; R is the gas constant; and 
Tis the temperature in degrees Kelvin. 
Once b.H* and D.G* had been calculated, b.s* was obtained 
from the following expression [40], 
( 6) 
Preparative Solvolysis of cis-5,5-Dimethyl-1,J-cyclohexane-
diol Bis-p-toluenesulfonate 
cis-5,5-Dimethyl-1,J-cyclohexanediol bis-~-toluenesul-
_fonate (10g, 0.022 mole) was dissolved in 150 ml of an 80% 
pyridine-water (v / v) mixture that was contained in a 500 ml 
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one-necked flask fitted with a heating mantle and a condenser. 
The mixture was heated and allowed to reflux for approximate-
ly 86 hours (12 half-lives) to ensure maximum reaction of the 
tosylate. 
After the reaction time was completed, the mixture was 
poured into 200 ml of water and extracted twice with 100 ml 
portions of chloroform. The chloroform extract:,was divided 
into two equal portions which were each washed three times 
with 200 ml portions- -of- 4N- sulfuric acid, '.rhe -organic--layers 
were then recombined, washed twice with 100 ml of 10% aqueous 
sodium bicarbonate, 100 ml of water and dried over anhydrous 
sodium sulfate (Fisher Certified Reagent). 
The chloroform layer was concentrated to a very small 
volume and the residue distilled in vacuo to yield 0.4871g. 
(0.0038 mole, 17,49%) of either, or a mixture of 3,3-dimethyl-
4-cyclohexenol and 3,3-dimethyl-5-cyclohexenol, b.p. 30-34°C 
(0,30-0.36 mm), n~4 = 1.4682. 
Analysis --
Calculate-d for,C 8H14o: C76.1-2%;-H 11-.20% 
Founo: C 76.30%; H 11,28% 
Infrared Analysis (IR-6A,IR-6B)-- Broad -0-H absorption 
appears at 3330 cm-1 • Alcoholic G-0 stretch absorbs at 1050 
cm-1 • 0lefinic C-H stretch appears at 3015 cm-1 . C=C stretch 
absorbs at 1645 cm-land strong olefinic .out-of-plane C-H 
bending appears at 725 cm-1 [41]. 
Nuclear Magnetic Resonance Analysis (NMR-6)-- Neat sample. 
ol,0 (singlet with shoulder,6H,methyl), ol,2-2,6 (complex 
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·multiplet,4H,methylene), 04.05 (broad peak,1H,methine), 05.0-
5,85 (multiplet,JH,olefinic and hydroxyl) [42], 
Preparative Solvolysis of trans-5,5-Dimethyl-1,3-cyclohexane-
diol Bis-p-toluenesulfonate 
trans-5,5-Dimethyl-1,J-cyclohexanediol bis-B-toluene-
sulfonate (5,Jg, 0,0117 mole) was dissolved in 100.ml of an 
BO% pyridine-water ( v / v) mixture contained in a 2.00 ml one-
necked flask fitted with a heating mantle and condenser. The 
mixture--was -heated-and aELowed·-to• rei'lux for ·approximately .. 14 
.hours (10 half-lives), 
At the end of the reaction period, the mixture was di-
luted with 100 ml of distilled water and extracted with two 
100 ml portions of chloroform,. The extract was washed three 
times with 200 ml of 4N sulfuric acid, twice with 100 ml of 
10% aqueous sodium bicarbonate, and finally with 100 ml of 
distilled water. The washed chloroform extract was then dried 
over anhydrous sodium sulfate (Fisher Certified Reagent). 
The extract was concentrated to a very small volume at 
atmospher.ic--pressure- -to--remove-·all -chloroform· and was ·then 
distilled in vacuo to yield 0,11J5g (0,0009 mole, 7,69%) of 
either, or a mixture of J,J-dimethyl-4-cyclohexenol and J,J-
24 dimethyl-5-cyclohexenol, b.p. 28-J0°C (0,20-0,JO mm), nD = 
1,4686. 
Infrared Analysis (IR-7A,IR-7B)-- IR-6B and IR-7B super-
impose upon one another, Broad -0-H absorption appears at 
JJJO cm-1 . Alcoholic C~O stretch absorbs at 1050 cm-1 • 01-
-1 
efinic C-H stretch appears at J015 cm , C=C stretch absorbs 
at 1645 cm-1 and strong olefinic out-of-plane C-H bending 
appears at 725 cm-1 [41], 
Nuclear Magnetic Resonance Analysis (Nl'IIR-7)-- Solvent: 
deuterated chloroform, 51,0 (singlet with shoulder,6H, 
methyl), 51,15-2,35 (complex multiplet,4H,methylene), oJ,29 
(sharp singlet,1H,hydroxyl), oJ,57-4,42 (broad peak,1H, 
methine), 55,27-6,0 (doublet,2H,olefinic) [42], 
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Attempted Tosylation of cis-5,5-Dimethyl-1 1 3-cyclohexanediol 
in Refluxing Pyridine 
cis-5,5-Dimethyl-1,J-cyclohexanediol ·(3,og, 0,0207 
mole) was dissolved in 80 ml of dry pyridine (Aldrich 
Chemical Company) which was contained in a 200 ml one-necked 
flask, .:g-Toluenesulfonyl chloride (J,9g, 0,0205 mole), 
(Matheson, Coleman, and Bell) was added to the mixture, A. 
condenser was fitted to the flask, a heating mantl.e attached 
and heating started, The solution·was·heated to boiling and 
allowed to reflux for approximately 24 hours. 
At the conclusion of the refluxing period, the almost 
black reaction mixture was poured into 150 ml of distilled 
water and extracted twice with 100 ml portions of chloro-
form, The chloroform extract was then washed three times 
with 200 ml portions of 4N sulfuric acid, twice with 100 ml 
·portions of 10% aqueous sodium bicarbonate, and finally once 
with 100 ml of distilled water. The yellow solution was 
then treated with norite, filtered, ~nd dried over anhy-
drous sodium sulfate (Fisher Certified Reagent). 
The extract was concentrated to a small volume at atmos-
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pheric pressure and then distilled in vacuo with some decomp-
osition to yield 0.3704g (0,0029 mole, 14,33%) of either, or 
a mixture of 3,3-dimethyl-4-cyclohexenol and 3,3-dimethyl-5-
cyclohexenol, b.p. 37-40°C (0,4 mm), n~4 = 1.4693, 
Infrared Analysis (IR-8A,IR-8B)-- IR-6B, IR-7B, IR-SB super-
impose upon one another, Broad -0-H absorption appears at 
3330 cm-1 • Alcoholic C-0 stretch absorbs at 1050 cm-1 . C=C 
stretch absorbs at 1645 cm-1 and strong olefinic out-of-plane 
C-H bending appears at 725 
appears at 3015 cm-1 [41], 
-1 cm . 0lefinic stretch (C-H) 
Nuclear Magnetic Resonance Analysis (NMR-8)-- Solvent: deuter-
ated chloroform. 61,0 (singlet with shoulder,6H,methyl), 01.2-
2.6 (complex multiplet,4H,methylene), 03,6 (sharp singlet, 
1H,hydroxyl), 63,6-4.4 (broad absorption,1H,methine), 05,3-
5,9 (doublet,2H,olefinic) [42]. 
Attempted Tosylation of trans-5,5-Dimethyl-1,j-cyclohexane-
diol in Refluxing Pyridine 
trans-5,5-Dimethyl-1,3-cyclohexanediol (2,9g, 0.0201 -
mole) was dissolved in 80 ml of dry pyridine (Aldrich Chem-
ical Company) which was contained in a 200 ml one-necked 
flask. ~-Toluenesulfonyl chloride (J,82g, 0,0201 mole),(Math-' 
eson, Coleman, and Bell) was added to the mixture, a condenser 
fitted to the flask, a heating mantle attache_d, and hee.ting 
started. The mixture was allowed to reflux for approximately 
23 hours. 
After reflux, the reaction mixture was poured into 150 
ml of cold distilled water and then extracted twice with 75 
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ml portions 0£ chloro£orm. The chloro£orm extract was washed 
three times with 200 ml portions 0£ 4N sul£uric acid, once 
~ith 100 ml 0£ 10% aqueous sodium bicarbonate, and £inally 
with 100 ml 0£ distilled water, The yellow extract was then 
treated with norite, £iltered, and dried over anhydrous 
sodium sul£ate (Fisher Certi£ied Reagent). 
A cursory gas chromatographic examination,0£ the extract 
revealed the continued presence 0£ pyridine, The chloro£orm 
was again washed three times with 2.00 ml 0£ cold 4N sul£uric 
acid, once with 200 ml 0£ 5% aqueous sodium bicarbonate, 100 
ml 0£ distilled water and dried over anhydrous sodium sul£ate, 
The redried chloro£orm extract was concentrated at atmos-
pheric pressure and the residue distilled in vacuo to yield 
a colorless £luid (no·quantitative data are available), b,p. 
60-65°C (approximately J mm), n~4 = 1,4677, This was the 
£irst preparation 0£ either, or a mixture 0£ J,J-dimethyl-4-
' 
cyclohexenol and J,J-dimethyl-5-cyclohexenol, The entire 
vacuum distillation was characterized by decomposition £rom 
unnecessary vigorous heating, This problem was recti£ied in 
subsequent distillations which were much more e££icient, 
In£rared Analysis (IR-9A 1 IR-9B)-- IR-9B superimpos_es upon 
IR-6B, IR-7B, and IR-8B, Broad -0-H absorption appears at 
JJJO cm-1 , Alcoholic C-0 stretch appears at.1050 cm-1 • 
Ole£inic C-H stretch appears at J015 cm-1 , C=C stretch 
absorbs at 1645 cm-land strong ole£inic out-0£-plane C-H 
bending appears at 725 cm-l [41], 
Nuclear Magnetic Resonance Analysis (NJVIR-9)-- Neat sample, 
61 
Tetramethylsilane (TMS) was added to the neat sample to pro-
vide a reference point as usual. During the course of 
obtaining this nuclear magnetic resonance spectrum, the peak 
that was the methyl group absorption, which normally appears 
· at approximately 61.0, was mistaken for TMS. Therefore, 
there is no reference point and chemical shifts cannot be 
determined accurately. It may be seen, however, that NMR-9 
is very similar to NMR-6, NMR-7, and NMR-8. 
Reinvestigation of the Preparative Solvolysis of cis-5 15-
Dimethyl-113-cyclohexanediol Bis-p-toluenesulfonate 
Previous preparative solvolyses of the cis- and trans-
bistosylates and the reaction of the cis- and trans-diols 
with ~-toluenesulfonyl chloride in refluxing pyridine 
yielded only small quantities of an identifiable reaction pro-
duct. This fact, coupled with an examination of possible 
solvolysis products, which will be discussed later, made it 
evident that a reinvestigation of the solvolyses was war-
ranted, The reinvestigation ~as aimed at isolating unre-
acted starting material, regenerated diols, and trapping 
volatile reaction products, specifically volatile dienes, 
cis-5,5-Dimethyl-1,J-cyclohexanediol bis-~-toluenesul-
fonate (9,4g, 0.0207 mole) was dissolved in 150 ml of an 80% 
pyridine-water (v / v) mixture which was contained in a JOO 
ml three-necked flask, The flask was equipped with a nitrogen 
inlet and condenser. Attached to the condenser was an outlet 
and calcium chloride drying tube which led to a bromine-car-
bon tetrachloride trap. The trap was immediately followed 
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by another trap containing aqueous sodium thiosulfate. A 
steady stream of dry nitrogen (Burdett Oxygen Company) was 
passed through the system during the entire reaction period. 
The reaction mixture was heated and allowed to reflux for 86 
hours '(twelve half-lives). 
The reaction solution was poured into 200 ml of ice cold 
water which was then extracted twice with 200 ml portions of 
chloroform. The remaining aqueous layer was extracted with 
4-oo ·ml:· of· ethyl· -ether.·-· Both the chloroform-and the -ether 
extracts were washed in the usual manner and sequence (4-N sul-
furic acid, aqueous sodium bicarbonate, and water) and dried 
over anhydrous sodium sulfate (Fisher Certified Reagent). 
The ether extract was evaporated to dryness in a rotary 
evaporator at aspirator pressure to yield no trace of any sol-
id (dial), whatsoever, 
The chloroform extract was concentrated to a small vol-
ume and distilled in vacuo to yield 0,084-?g (0,0006 mole, 
3,24-%) of either, or a mixture of 3,3-dimethyl-4--cyclohexen·ol 
and J,3-dimethyl-j~cyclohexenol·,· b.p. · 31-36°C-(0;2-0,3 mm), 
Infrared Analysis {IR-10A 1IR-10B)-- Broad -0-H absorption 
appears at 3320 cm-1 • Alcoholic C-0 stretch absorbs at 1050 
cm-1 • Olefinic C-H stretch appears at 3015 cm-1 • C=C stretch 
absorbs at 164-5 cm-1 and strong olefinic out~of-plane C-H 
bending appears at 725 cm-1 [4-1], 
The bromine-carbon tetrachloride trap, which required 
bromine replenishment half-way through the reaction, was fil-
tered and the yellow semi-solid that was recovered was set 
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aside, The carbon tetrachloride layer was washed with 3% 
aqueous sodium thiosulfate until nearly colorless, 100 ml of 
distilled water and dried over anhydrous sodium sulfate (Fis-
her Certified Reagent). The trap and fritted glass inlet tube 
were washed with chloroform to remove adhered solid. The 
semi-solid, originally filtered, was dissolved in the same 
chloroform wash, The chloroform extract was washed with 3% 
aqueous sodium th1osulfate to remove bromine and then dried 
over anhydrous sodium sulfate (Fisher Certified Reagent). 
The carbon tetrachloride and chloroform layers were 
combined and concentrated to a very small volume (20 ml) on 
a steam bath and allowed to set uncovered, The semi-crystall-
ine mass that formed was dissolved in ethyl ether, concentrat-
ed and allowed to set in a freezer for 48 hours, The result-
ant crystalline mass was filtered yielding 0,7535g (0.0017 
mole, 8,49%) of 3,3-dimethyl-1,2,4,5-tetrabromocyclohexane . 
.An analytical sample, after three recrystallizations from 
ethyl ether, exhibited a melting point of 102-103°C. 
Analysis --
Calculated for c8H12Br4 , C 22.41%; H 3,02%; Br 74,56% 
Found: C 22,52%; H 2,90%; Br 74,53% 
Infrared Analysis (IR-11)-- Solvent: chloroform. (CH3 ) 2c 
absorbs at 1370 cm-1 and 1390 cm-1 [43], 
Nuclear Magnetic Resonance Analysis (NMR-10)-- Solvent: deu-
terated chloroform, 61,54 (singlet,6H,methyl), 62,95-3,25 
(triplet,2H,niethylene), 64,2-4,95 (complex multiplet, 
quintet,4H,methine) [42], 
64 
A discussion of the experimental results with reference 
to the theoretical aspects of the examined reactions is con-
tained in Chapter IV. 
CHAPTER IV 
DISCUSSION 
The intention of this work was to examine the retro 
Prins rearrangement as it could possibly apply to cis- and 
trans-5,5-dimethyl-1,J-cyclohexanediol (45,46). 
OH 
OH 
45 46 
And, as previously stated, this is an extension of earlier 
work by Payne [14] in which the retro Prins rearrangement 
was observed during attempted monotosylation of cis- and 
trans-2,2,5,5-tetramethyl-1,J~cyclohexanediol (61,62). -
61 
OH 
62 
Since the mechanistic pathway (p. 11) postulated by Payne 
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for the rearrangement of 61 and 62 included an intermediate 
monotosylate, this research was pursued in a similar manner 
employing tosylate esters. It was expected that rearrange-
ment could be observed in analogous alicyclic compounds (45, 
46) and that kinetic data would provide additional evidence 
indicating the most likely route of rearrangement was as 
postulated. 
Prior to any actual experimental work with the cis- and 
trans-diols (45,46), three rearrangement possibilities were 
anticipated: 
a. Rearrangement could occur during monotosylation as 
had been the case with dimethyl analogs 61 and 62. 
b. Monotosylation could be accomplished and the re-
arrangement might occur later when the purified monotosylates 
were subjected to kinetic and preparative studies in pyridine, 
c. Rearrangement in the manner expected might not occur 
at all, 
Ideally, b, was the more fruitful of the alternatives since 
it would allow a more careful examination of the monotosylates 
and the rearrangement itself, 
Several attempts at monotosylation of the cis- and 
trans-diols failed to yield any purified or isolable mono-
tosylates for·further study. Each attempt was, however, 
followed qualitatively in a careful manner in order to reveal 
whether or not retro Prins rearrangement was occuring. 
Apparently no rearrangement did occur since no evidence was 
ever found to indicate the presence of any aldehydic func-
tional group or aliphatic unsaturation in the reaction mix-
ture. Production of the bistosylates proceeded very smoothly 
and did provide, at least, a source of material which could 
still lead to the possible elucidation of the specific retro 
Prins rearrangement in question. In light of this, the 
decision was made to complement the proposed pyridine sol-
volysis medium with water for use in kinetic and preparative 
studies, With the addition of water, the possibility was 
created of producing an interme~iate monotosylate during the 
solvolyses of the bistosylates. In this manner, it was 
thought that if the monotosylate intermediate was produced 
rearrangement might still occur and the lack of a purified 
monotosylate starting product would not be a severe handi-
cap. The amount of water added to the pyridine solvolysis 
solution ranged from approximately five to twenty per cent by 
volume, Pseudo first-order conditions were still reasonably 
assured in all cases since even the solvolysis solution 
containing the smallest quantity of water (5%) was well above 
the accepted molar ratio of substrate to solvent [44] for 
this condition to exist. Then, in each case, even if water 
were a participant in the rate determining step, the reac-
tion would still appear to be first-order in tosylate alone. 
The solvolyses of the cis- and trans-bistosylates in 
pyridine-water solutions of varying concentrations were fol-
lowed in a very straight forward manner conductometrically, 
Kinetic and thermodynamic data were calculated as previously 
., . 
d-;;scrf'be·d ·~nd th.es·~· data-a.re su~arized in Table ·1;, ··Each 
solvolysis followed the pseudo first-order rate law very 
well and the fit to that equation was excellent over three 
half-lives, 
TABLE 1 
Solvolysis Rate Constants 
Bistosylate Solvent k,sec-1 
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kcal, e, u, 
trans- 95% aq, pyridine 900 2.54 X 10-5 
90% aq. pyridine 900 5. 68 X 10-5 
85% aq, pyridine 900 8,59 X 10-5 
BO% aq, pyridine 90° 13.41 X 10-5 22.3B -14. 9 
Bo% a,q, pyridine Bo 0 5,25 X 10-5 
BO% aq, pyridine 700 2,07 X 10-5 
cis- 90% aq, pyridine 900 1, 13 X 10-5 
B5% aq, pyridine 900 2,09 X 10-5 
BO% aq, pyridine 900 2,71 X 10-5 24.4B -12.3 
BO% aq, pyridine Bo 0 1, 09 X 10-5 
BO% aq, pyridine 700 0,353 X 10-5 
All preparative solvolyses were conducted in 80% aqu-
eous pyridine at 90°C and were allowed to continue at least 
ten half-lives to ensure maximum conversion of substrate, 
Isolated from the solvolysis solution of each bistosylate 
was 3,3-dimethyl-4-cyclohexenol (50) or 3,3-dimethyl-5-cyclo-
hexenol (51). 
HO -HO 
50 51 
Time did not allow for complete elucidation of the structure 
of the isolated solvolysis product. Cursory gas chromato-
graphic analysis of the solvolysis product indicated there 
was only one component; however, the exact location of the 
double bond is not known conclusively. Therefore, for the 
purposes of this work, this solvolysis·product will be simply 
represented by structure "63. 
HO , 
I 
I 
I 
J 
/ 
63 
It is interesting to note that 63 was also produced during the 
reaction of the cis- and trans-diols with an equimolar 
quantity of ~-toluenesulfonyl chloride in refluxing pyridine. 
70 
These reactions were·carried out after the failure of satis-
factory monotosylation of the isomeric diols under room 
temperature conditions; however; no monotosylate was ever 
isolated. Gas chromatographic analysis of the unsaturated 
alcohol produced in the above stated manner indicated that 
this product might be a mixture of both 50 and 51, One of the 
two components was 90% predominant. 
63 ~as never recovered in any substantial amount from 
any solvolysis or other reaction, and this seemed to suggest 
the possibility that another compound or compounds were per-
haps being lost during the various extractions and washings 
of the solvolysis solutions. With just this in mind, one 
further preparative solvolysis was carried out using the 
cis-bistosylate in an effort to isolate unreacted starting 
-- . 
material, regenerated dials, or volatile dienes (p. 26). As 
expected, a small quantity of 63 was recovered from the sol-
volysis solution, No trace of any starting material or 
regenerated dial was discovered, Interestingly, compound 64, 
the tetrabromo derivative of 3,3-dimethyl-1,4-cyclohexadiene 
(65) was isolated from a bromine trap which had been sit-
uated so as to receive the gaseous effluent from nitrogen 
flushing of the entire system. 
Br Br 
Br 
64 65 
71 
-· .. 
Solvolysis products 63 and 65 are products of elimina-
tion and substitution reactions, and not the retro Prins 
rearrangement under investigation. Analyzing the kinetic data 
in conjunction with the identified solvolysis products makes 
it possible to propose reasonable mechanisms for the reactions 
that did occur. The kinetic data strongly suggest that the 
solvolysis of the cis- and trans-bistosylates in pyridine-
water proceeds via a unimolecular mechanism. The reasoning 
behind this conclusion can be .understood more readily after a 
brief review of the general mechanistic routes of unimolecu-
lar (E1,Sn1) and bimolecular (E2,Sn2) elimination and subs-
titution. 
The first step of both the E1 and Sn1 mechanism is ex-
actly the same, and involves the slow ionization of a subs-· 
trate molecule to produce a carbonium ion. 
I I I I 
-c-c-x -C-C+ + x-
I I I I 
E1 y Sn1 
I I 
-C-C-Y 
I I 
Once the carbonium ion is formed, reaction may proceed in 
either ?f two ways. The carbonium ion may lose a proton 
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from an adjacent carbon atom to produce an alkene or it may 
be attacked by a nucleophile to produce a substituted product. 
There are no unusual orientation requirements to be met for 
these mechanisms to occur with the exception of the ability 
of the carbonium ion to assume a planar or nearly planar 
state. Planarity is necessitated by sp2 hybridization [45], 
Bimolecular elimination (E2) and substitution (Sn1) [45] 
have much more stringent orientation requirements than do 
unimolecular mechanisms. In the E2 mechanism, the ·substrate 
molecule is attacked by base in the following manner: 
+ BH· 
The base attack and the expulsion of the leaving group occur 
simultaneously, This.mechanism requires that all five ata°ms 
in the transition state be coplanar to one another, and that 
the proton being attacked be in a position trans to the 
leaving group (X). In the cyclohexane ring system, this 
anti-coplanar transition state requirement is complicated by 
the fact that the two groups must also be diaxial to one 
another as illustrated: 
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The bimolecular substitution (Sn2) mechanism occurs 
wheh the substrate molecule is•attacked· from the backside by 
base, As in the case of bimolecular elimination, this mech-
anism proceeds in one step with attack and expulsion occuring 
simultaneously, 
/ 
B-C-
"-
+ 
"'-/ B-----c------x 
I 
X: 
As one bond forms, the other bond is breaking, Inversion at 
the attacked carbon also occurs, In the cyclohexane ring 
system, the Sn2 mechanism requires that the leaving group be 
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in an axial position before backside attack can occur. This 
requirement is illustrated as follows: 
X 
) 
B: 
The application of the described orientation require-
ments of the bimoiecular mechanisms to the cyclohexane ring 
system and its derivatives results in possible rate differ-
ences between isomers within the same reaction type and con-
ditions. Thus, measurable kinetic parameters have been used 
to distinguish between conformational isomers [46], although 
the complete validity of this specific technique has been the 
subject of speculation [47], The anti-coplanar orientation 
requirement of the E2 mechanism is demonstrated by the dehalo-
genation of steroids.66 and 67 [48], 
Br 
Br 
Br 
66 67 
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When subjected to ·dehalogenation by iodide ion at 4o 0 c, trans 
diaxial isomer 66 suffers a 91% loss of bromine over 14 days. 
The trans diequatorial isomer, 67, subjected to dehalogenation 
·under the exact same conditions suffers only a 1% loss of bro-
mine. It can be seen that in order for bimolecular dehalogen-
ation to proceed, steroid 67 must undergo ring inversion to 
place both relatively large bromine atoms in a trans diaxial 
position. Thi.s is a highly unfavorable conformation even in 
a six member ring; and, in this case, inversion is made more 
unfavorable by the fused ring system of the steroid. Bimol-
ecular elimination does not occur readily as evidenced by the 
reaction data. Similar results would be expected of these 
two conformers under bimolecular substitution conditions [48]. 
. ' 
Neomenthyl chloride (68) undergoes bimolecular elimin-
ation approximately 200 times as fast as menthyl chloride (69), 
Cl 
68 69 
The chlorine atom in 68 is already in a trans diaxial coplanar 
position with two hydrogen atoms on adjacent c~rbons. 69, on 
the other hand, must undergo ring inversion placing both the 
chlorine atom and the isopropyl group in axial positions to 
achieve chlorine coplanarity with neighboring hydrogen 
atoms [49], The same argument explains the reaction rate 
differences between compounds 70 and 71 when they are allowed 
to react with sodium thiophenolate in ethanol. 
OTs 
OTs 
70 71 
Under similar conditions, 70 undergoes bimolecular elimina-
tion and substitution thirty-five times faster than 71, Of 
course, the tosylate group in compound 70 is already in an 
axial position, and it is liable to bimolecular backside 
attack and diaxial bimolecular elimination [50], 
The rate data set forth in Table 1 show that the rate 
differences between the cis- and trans-bistosylates, solvol-
yzing in pyridine-water, under the same conditions, were on 
the order of 4-5, In each case, the rate difference favored 
the trans-bistosylate. If the mechanism of substitution and 
elimination were bimolecular in nature, it would be expected 
that there should be greater rate differences than those 
observed, The trans-bistosylate molecule (72) contains one 
axial tosylate group and one equatorial tosylate group. The 
axial group fulfills the orientation requirements for both 
bimolecular mechanisms, 
OTs 
72 73 
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Th~ cis-bistosylate (73) must undergo ring inversion to place 
both tosylate groups in axial positions in order to meet these 
same orientation requirements, The inverted state of 73, 
which contains two axial tosylate groups, is energetically an 
unfavorable conformation, Just as in the case of the cited 
examples, bimolecular rate differences between the two bis-
tosylates would be expected to be greater than the observed 
order of 4-5, 
The thermodynamic parameters shown in Table 2 also 
seem to point to the same unimolecular conclusion, 6H* is 
within the same range for each of the tosylates, If the bi-
molecular mechanism were in force, then the energy difference 
between the cis-bistosylate and its transition state (a highly 
unfavorable conformation) should be considerably larger than 
the energy difference between the trans-bistosylate and its 
transition state (a more favorable conformation), 
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TABLE 2 
Thermodynamic Parameters 
Tosylate 6H* 6s* 
kcal, e.u, 
trans- 22,JB -14,9 
cis- 24.48 -12,J 
Table 2 shows this is not the case at all, Entropy data also 
indicate that most likely a bimolecular mechanism is not in 
force since it would be expected that 6s* for the cis-bis-
tosylate should be larger than 6s* of the trans-bistosyl-
ate. The same reasoning that explains the differences in 
6H* explains the expected differences in entropy. A more 
unfavorable transition state should have a greater entropy 
requirement than the more favorable state. 
Further evidence supporting the unimolecular elimina-
tion and substitution premise lies in the effect on the reac-
tion rate caused by increasing the polarity of the solvolysis 
medium,. •Figure 14 graphically portrays the effect of increas-
ing the solvolysis medium's polarity by increasing the water 
concentration, It can be seen that an increase in water 
concentration causes a directly proportional increase in 
reaction rate for both the cis- and trans-bistosylates. This 
indicates that both isomers are_probably solvolyzing by the 
12 
10 
4 
2 
2 4 
trans-bistosylat 
6 
[H2o] 
8 
• 
10 
Figure 14, Plots of rate constants versus Ho· 
concentration for cis~ and trans-bistosylate§, 
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same mechanism. The increase in reaction rate with an increase 
in solvent polarity is a characteristic of the E1 and S 1 mech-n . 
anisms since intermediate carbonium ions are better solvated. 
In the case of water, hydrogen bonding stabilizes the inter-
mediate ions [51], 
The following mechanistic pathway for the solvolyses of-
the cis- and trans-bistosylates, in pyridine-water, seems to 
be the most reasonable pathway from reactants to products via 
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a purely unimolecular route consistent with the observed kin-
etic data: 
OTs 
72 OT~ /73 
/ + /4Ts0 
2 -H+ 
TsO OH TsO 
I 
I 
I 
I + + ,, OH ,,' 
~ -H+ E1 -H+ 2 
E1 -H+ I 56 I 57 
HO OH :::::.-.. 
74 Br2 
Br Br 
I 
I 
I 
I 
' ',, OH Br Br 
63 64 
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The proposed mechanism is a simple pathway assuming 
basic unimolecular elimination and substitution reactions. 
Products 63 and 64 were the only compounds actually isolated 
from preparative solvolyses; however, it can be easily seen 
that the proposed route should logically lead also to 
regenerated dials (74) and 5,5-dimethyl-1,3-cyclohexadiene 
(57) or its tetrabromo derivative, 
Unfortunately, the retro Prins rearrangement was not 
observed during the course of this work as hoped, and this 
may be directly related to the lack of purified monotosylate 
starting materials, As a result, it became necessary to 
include water in the pyridine solvolysis medium to at least 
create an environment in which substitution of the bistosyl-
ates could lead to monotosylate intermediates. This alter-
ation of the solven~ may have, and most likely did favor 
unimolecular elimination and substitution over the concerted 
retro Prins rearrangement observed by Payne [14] to occur 
in a less polar pyridine solvent, 
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APPENDIX C 
NOTES 
1. The in:f'rared analyses were carried out by double beam 
operation of the Beckman IR-8 Infrared Spectrophotometer, 
.Scan-speed.was ten minutes, gain· 5·,· and.slit 'On automatic 
select. Solid samples were analyzed as 1%, 100 mg potassium 
bromiueF pellE:Jtlcf~ · The referertce••,beam was always -attenuated 
·by means·of .a. Beckman Ad·justable. Beam ·Attenuator. Liquid 
sampl-es were.,-analyzed-• neat·,-between,,polished-,sal t-·i)lates or-
in an appropriate solvent in a salt cell having a path 
length of 0.2 mm. A matching cell containing pure solvent 
was ·11osi tioned. in, the reference- .beam.- --See each .in:f'rared 
spectrum for specific data. 
2. ·-Nucl,'ear0 magnetic· resonanu-e-··-spectra · were -o-bta±ne-d' 0 on a·- 7 
_JEOLCO C60-HL Spectrometer. Chemical shifts are reported 
in parts per million downfield from tetramethylsilane (TMS). 
NMR analyses were kindly carried out by Dr. Lamar B. Payne 
and Dr. Verne A. Simon. 
3 •. -Elemental analyses -were -carried out by Galbraith 
Laboratories, Inc., Knoxville, Tennessee. 
4 •. University of Kentucky Mass Spectrometry Center, 
113 
114 
Lexington, Kentucky. 
5, All thin layer chromatographic analyses used, as the 
adsorbant, Silica Gel ?GF (J. T. Baker) containing approx-
imately 13% Caso4•½H2o and approximately 4% fluorescent 
indicator, Visualization of the chromatogra~s was by ultra-
violet light or iodine vapor development, 
